Introduction
The precise molecular events leading to prostate carcinogenesis are currently not well known. The genetic characterization of this neoplasm has mainly been focused on the nuclear genome, showing complex chromosomal instability as one of the main changes; however, the cause of the diversity of chromosomal alterations detected in patients is still unclear. The presence of mutations in oncogenes and tumor suppressor genes has been associated with late events in the progression of prostate cancer (PC) [1] .
Mitochondrial DNA (mtDNA) is the main target for cellular reactive oxygen species (ROS) and it has been observed that the level of oxidative damage is more extensive and persistent in this than in the nuclear genome, thereby leading to the accumulation of greater numbers of mutations [2] . Recent studies have shown that the presence of multiple homoplasmic point mutations in the mitochondrial genome is common in many human tumors, such as those found in colon and prostate cancers [3, 4] .
These mutations could also lead to mitochondrial dysfunction due to alteration of the intermediary metabolism, which could be interpreted as a signal for inducing tumor pathogenesis [5] .
The location of these mutations within the genome has been correlated with different types of cancer. The presence of mutations in the cytochrome oxidase I (COI) gene occurs in around 11% of PC patients [6] . On the other hand, the noncoding displacement loop (D-loop) region proved to be a critical site for the presence of mutations (mutational hotspot) in neoplasm of the bladder, lung, head, and neck. These mutations are associated with the D-loop function as 2 ISRN Oncology a regulatory site for this genome's replication and expression [7] .
mtDNA is characterized by a strictly maternal mode of inheritance, the absence of recombination, a rapid mutation rate, and high level of population-specific polymorphisms. Mutation accumulation in mtDNA is tenfold greater than in nuclear DNA. This feature has created and characterized groups defined by having a maternal lineage legacy, making mtDNA a useful tool for studying origin and migration in human populations; it is widely applicable for studying evolutionary relationships among human ethnic groups [8] . The control region (D-loop) is the most variable region in the mitochondrial genome and the most polymorphic nucleotide sites are concentrated in two hypervariable segments (HVS-I and HSV-II). Individuals' geographical origin has been identified by high-resolution RFLP analysis and HSV-I sequencing [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
Studying mtDNA haplogroups has been of great interest as this presents a potential disease susceptibility biomarker in different population groups. The growing number of publications describing the risk of cancer associated with various mtDNA haplogroups in the human population has challenged the reported mutations' validity and their use as susceptibility biomarkers [21] [22] [23] . Systematic errors are frequently reported in anthropological and forensic science studies because of the multiple steps involved in analyzing mtDNA sequences. More than half of the sequences contain obvious errors [24] . Identifying legitimate mtDNA mutations often becomes confused by a heteroplasmy event, a condition in which both wild and mutant genomes coexist within the same cell [25] . "Phantom" mutations (systematic errors or artifacts produced during sequencing) can also create a different mutation pattern from that produced in the cell in natural conditions [26] . These mutations have been called "innovative" by some authors and erroneous conclusions have led to a false interpretation of results regarding their association with different diseases [27, 28] . Some authors have suggested that this type of study should be analyzed in the light of haplogroup phylogeny, taking their diversification in younger clades and those having limited geographical and ethnic distribution into account, as well as identifying shared frequent mutations, to avoid such errors [9, 29] .
Several studies have linked PC susceptibility to individuals' ethnic origin which could suggest a relationship between population variability and the genetics of cancer [30] [31] [32] . Previous research has shown that the incidence is two to ten times greater in North Americans of African descent when compared to Caucasians and Asians, respectively [33] . In this regard, studies by Booker et al. [34] have shown that haplogroup U (European origin) is associated with about twice the risk of PC and 2.5 times the risk of renal carcinoma in American individuals having European ancestry. Contrary to this finding, Kim et al. [35] did not reveal any association between Asian and PC lineages for the Korean population. Similarly, research by Muller et al. [36] found no association between these haplogroups and PC in a European population.
Ancestral studies in the Colombian population have been conducted in the past, focusing on determining the population's origin; however, very few works have been carried out to date which have focused on complex diseases such as PC. No study which has been carried out on admixed Latin-American populations has sought to associate maternal lineage (mtDNA haplogroup) with susceptibility to PC; this would be of great interest, as these admixed populations are historically shaped by three major human geographical groups: Native Americans, Europeans, and Africans. Bearing this in mind, the present study was aimed at establishing ethnic origin based on 168 sequences from the mtDNA hypervariable segment I (HSV-1) in a group of PC patients compared to 90 sequences from healthy patients, thus correlating frequency and possible disease susceptibility to one of the recognized mtDNA haplogroups.
Methods

Study Population.
This work forms part of a case-control study seeking to identify PC susceptibility biomarkers. The study population therefore started from a group of 310 patients having a confirmed diagnosis of PC and who had undergone radical prostatectomy and 152 individuals who were seeking medical attention at the same medical centers (Fundación Santa Fe de Bogotá and Hospital Militar Central, Bogotá, Colombia) who did not have clinical and/or paraclinical PC (controls) and who were randomly selected (not related to the cases) from the same place of birth. 168 patients and 140 controls were selected from this group for analyzing mtDNA HSV-1 sequences. Clinical information was also available which took into account clinical-pathological variables such as prostate-specific antigen (PSA) level [37] , tumor aggressiveness parameters and grade according to Gleason score [38] , and tumor status (TMN), according to World Health Organization (WHO) recommendations. Likewise, a survey was carried out for identifying the origin of the studied specimens by family. The Universidad de los Andes' Research Ethics Committee had already approved a research proposal entitled "A search for genetic markers able to identify prostate cancer susceptible individuals. " All participants signed an informed consent form and the study was carried out in-line with the Declaration of Helsinki principles (2000).
DNA Isolation and Sequence
Analysis. DNA was extracted from whole blood collected from each individual by the salting-out method. mtDNA sequences were analyzed from position 16046 to 16373 (a 328 bp fragment). PCR was performed with primers L15996 (CTCCACCATTAGCAC-CCAAAG) and H16401 (TGATTTCACGGATGGTG) for amplifying the mtDNA fragment. Each reaction was carried out in 25 L containing 12.5 L Master Mix, 1.25 L of each primer, 9 L distilled water, and 1 L DNA sample. Thermal cycle conditions were 95 ∘ C for 3 min, 35 cycles of 95 ∘ C for 1 min, 54 ∘ C for 1 min, 72 ∘ C for 1 min, and a final extension step at 72 ∘ C for 5 min. The mutations in the sequences were thoroughly reviewed to verify their existence using chromatograms and Geneious software [39] . MUSCLE multiple alignments (default parameters) were separately made with the patients and controls' sequences, using the consensus revised Cambridge reference sequence (CRS) [40] . Phylogenetic analysis was performed for determining relationships between the HSV-1 region sequences using a phylogenetic tree built with the Neighbor-Joining method using MEGA 4.0 software [41] with the Kimura-2P evolutionary model which led to organizing the haplogroups into distinct clades according to their mutations. A Table 1 gives a description of the characteristics of the population being studied. Mean age at onset was 68.02 (±9.18) years for PC patients and 62 (±12.0) for the control group. Regarding PSA range, only 22% of the patients had PSA levels below 4 (remaining normal), while the vast majority of patients had levels above normal, ranging from 4.1 to 10.0 ng/mL (49.4%), from 10.1 to 20.0 ng/mL (19.4%), and above 20.0 ng/mL (9.4%). Most of the control group had normal PSA levels (89.3%). The clinical and histological parameters regarding histological grade showed that 64.5% of the specimens had a Gleason score below 7 and 35.5% had a value greater than or equal to 7. Regarding tumor status (TMN), the vast majority of patients were in stages 1 and 2. The case-control population surveyed here was characterized by having a high frequency of individuals (90%) from Andean region departments, most from the Cundinamarca-Boyaca plateau, and less frequently from the Caribbean area and abroad.
Results
Population Characteristics.
Analyzing mtDNA Genetic Diversity in the Study
Population. Ninety-two different haplotypes were identified in the group of patients (168) which showed 90 polymorphic sites. Fifty-nine different haplotypes were found in the control group (140) in which 67 polymorphic sites were observed; 17 haplotypes were shared in the cases and 10 in the control group (Table 2) . A haplotype network was constructed using the Median-Joining method ( Figure 1 ) with all the haplotypes from both the patients and control group to establish relationships between HSV-1 region sequences and identify distinctive haplogroups according to their mutations shared by clades. The network arrangement showed four groups featuring Amerindian haplogroups, A2, B2, C1, and D1. European-origin sequences (U, H, HV, M, and T) were also found in a group more closely related to the revised reference sequence (CRS-Anderson). Some sequences had many mutations which generated outstanding long branches that were subsequently identified as belonging to African haplogroups (L). The different literature references [42] were used for assigning haplogroups to find their characteristic mutations; the diagnostic position for each haplogroup is shown in Table 2 .
Association Studies of mtDNA Genetic Diversity between
Cases and Controls. Figure 2 shows mtDNA haplogroup frequency distribution in Colombians. The population was characterized by Amerindian haplogroups, having high haplogroup A2 frequency in both patient and control groups (41.1% and 42.1%, resp.), followed by haplogroup B2 (22% cases and 21.4% controls); the other Amerindian haplogroups were also found to have moderate frequencies in the population. Previous mtDNA studies have shown that the Colombian population located in the Central and Andean areas has the same lineages which is consistent with our findings. Minor frequencies of European haplogroups (U, T, H, HV, and J) were found and haplogroup U (associated with prostate cancer by Booker et al., in North American individuals) was present in 2.4% of cases and 2.1% of controls. African haplogroups (L) were found in 6.5% of cases and 2.1% of controls. Our results had no statistically significant differences regarding the distribution of the mtDNA haplogroup frequencies between each haplogroup for case and control groups (Table 3) . However, haplogroup L was more frequent in PC patients. Each mtDNA haplogroup was rearranged according to its Amerindian, European, and/or African origin and the association with PC was tested by using logistic regression analysis (Table 4) . No statistically significant association was found between the presence of European or African origin and prostate cancer risk in the first analysis, using Amerindian ancestry as reference group; in the second analysis, using European ancestry as reference group, no statistical association was found between Amerindian ancestry and prostate cancer risk. Mitochondrial haplogroup frequencies did not differ significantly between patients having <7 Gleason score and patients having ≥7 Gleason score (Figure 3) . No statistically significant association was observed when population origin was compared between prostate cancer patients having <7 Gleason score and patients having ≥7 Gleason score (Table 5 ).
Discussion
Besides being the major source of intracellular ATP, mitochondria perform other cellular functions related to cell growth, apoptosis-mediated cell death, and that mediated by other metabolic pathways. The role of mitochondria in carcinogenesis has also been documented, mainly regarding specific mitochondrial DNA polymorphism in genes involved in phosphorylation pathways. Its metabolism and function in oxidative phosphorylation play a crucial role in ROS production, causing DNA damage and increased cancer risk, resulting in an increased frequency of mutagenesis, in either mitochondrial or nuclear DNA. Recent studies have described an increased risk of cancer associated with a specific mitochondrial DNA haplogroup in the human population. Verma et al. have shown that subjects having the M7b2 haplogroup tended to have an increased risk for leukemia [43] . Polymorphisms in haplogroup N are associated with the risk of breast cancer in females from India [44] . Canter et al. found substitutions in ND3 associated with increased risk in African American females when studying patients with breast cancer in the USA [45] . mtDNA mutations in cancer patients frequently involve the regulatory D-loop region affecting different mitochondrial genes' copy numbers [46, 47] ; mutations in other parts are also seen in patients suffering from specific types of cancer resulting in substantial changes in the expression of cellular proteins acting as tumor suppressor factors or oncogenes [48] .
The aim of this case-control study, conducted on 168 men with PC and 140 normal subjects (both from a Colombian population), was to seek an association between the presence of any of the mtDNA haplogroups and susceptibility for suffering from PC (special emphasis was paid to the Amerindian haplogroups A, B, C, and D). No statistically significant 8 ISRN Oncology differences were found between haplogroup distributions in prostate cancer patients compared to the control group in the population being studied. The samples were genotyped and revealed a high frequency of Amerindian-origin mitochondria, which was corroborated by previously published studies about the origin of current populations in Colombia [13] . This study revealed the presence of two Amerindian haplogroups (A and B both with high frequency) which are the characteristic of the Colombian population belonging to the Chibcha-Paez linguistic family which is more common in the northern part of the country. Amerindians' important contribution to Latin Americans' mtDNA gene pool has been documented in a Colombian population, by contrast with paternal lineage shown by Y chromosome markers which revealed a high prevalence of European origin [49] . Likewise, the presence of lower percentages of African and European-origin haplogroups was observed in both cases and controls.
Previous studies have correlated the presence of a specific haplogroup with the risk of developing PC. Booker et al. [34] found mitochondrial haplogroup U overrepresentation in a group of PC patients compared to the control group (OR: 1.95). In another study, which tried to replicate these results, Canter et al. reported 26.7% of haplogroup U in their prostate cancer group ( = 71) and 11.7% for the control group ( = 128). However, their results were limited by the low number of patients involved. Additionally, the report failed to explain study participants' characteristics or the selection process, by contrast with our study, in which both patients and controls shared the same characteristics, such as geographical family background and coming from the same source (hospitals). Recent studies conducted on a European Caucasian population found no significant differences between haplogroups distribution when comparing PC patients ( = 304) to controls ( = 278) [36] . Moreover, consistent with our findings, another study in the Korean population found no association between mitochondrial haplogroups and PC risk [35] .
A set of 22 East Asian haplogroups was discussed, finding no statistically significant difference in mtDNA haplogroup frequency distribution between cases ( = 139) and the control groups ( = 122).
There is great geographical variation in haplogroup frequencies between the above studies' populations and ours, especially in a South American country like Colombia, having great population diversity determined by the admixture of Indigenous, European, and African haplogroups, thereby revealing this study's importance. Amerindian mtDNA's high contribution was found in this study which revealed no association between population and PC risk, similar to studies carried out by Kim et al. [35] and Mueller et al., [36] which found no association of PC risk in their respective populations. To the best of our knowledge, no work relating PC susceptibility to haplogroups in Amerindian populations has ever been previously reported in the literature, making this a novel work and emphasizing its importance compared to other studies conducted on other populations. However, to fully understand population-based studies' importance and the risk of PC, more ancestry-informative markers (AIMs) should be taken into account to establish a correlation with susceptibility to this disease; mtDNA-related epidemiological studies are thus presenting a high prevalence of sequence errors due to incorrect processing during mutation review, leading to erroneous results and misinterpretation.
The importance of using appropriate control groups in such studies has been noted and, more importantly, the validity of known and novel mutations due to errors in sequencing or heteroplasmy was also known. Achilli et al. [9] proposed that association studies should be preformed, taking phylogenetic tools into account whish allow recognition of characteristic mtDNA polymorphic sites to be compared with those already established in several publications. The sequences were thoroughly reviewed in our study to verify that mutations were present; a phylogenetic tree was then constructed which helped to identify the segregating sites belonging to each haplogroup, which was allocated by using earlier mtDNA studies.
In accordance with the study by Mueller et al., [36] , as only mitochondrial haplogroups and HSV-1 polymorphisms have been analyzed in the control region, it cannot be ruled out that polymorphisms in the mtDNA coding region which have not been included in this study may be associated with PC; some somatic mutations have been reported in a variety of cancers, including PC.
Several studies on mixed populations from Colombia's Andean region have found that the most frequent Amerindian haplogroups A and B arose from maternal lineages (37%-50% for haplogroup A and 25%-35% for haplogroup B) and, less frequently, so did haplogroups C and D, as well as European and African haplogroups [50, 51] . The frequencies obtained in the present study thus concur with such results. By contrast with the population base on this study, where the number of haplogroups was relatively small, larger sample sizes would be needed to provide adequate power for detecting associations when a large number of haplogroups are present in a sample, as reported by Muller and Kim in Europeans and Asians, respectively.
In conclusion, there was no association between mitochondrial haplogroups or HSV-1 region polymorphism with PC in a Colombian population.
